Fifty seven taxa of Cyanobacteria and 15 taxa of Chlorophyta were recorded from the exterior of buildings and rock surfaces of monuments in different regions in India. Four cyanobacteria, e.g. Chroococcidiopsis kashayi, Pseudophormidium indicum, Plectonema puteale and Scytonema geitleri, and the green alga Trentepholia abietina var. tenue occur on the sub-aerial habitats throughout the year. In addition, five other green algae: Chlorococcum infusionum, Scenedesmus arcuatus, Trentepholia aurea, Gloeocystis polydermatica and Printzina effusa, and 18 other cyanobacteria taxa of the genera Chroococcus (5), Asterocapsa (1), Cyanosarcina (2), Gloeocapsa (7), Gloeothece (2) and Scytonema (1) occur on the sub-aerial surfaces enduring extreme temperature and desiccation during summer months of the tropics. During the rainy season, the warm and humid climatic regime coupled with availability of moisture supported an additional ten green algae and 29 cyanobacteria in eight and 17 genera, respectively. The green algal genera Klebsormidium, Stichococcus and Trebouxia, which are dominant in temperate regions, did not occur on the sub-aerial habitats in India, however, species of Gloeocapsa, Chroococcus, Chroococcidiopsis, Phormidium, Leptolyngbya, Nostoc, Scytonema, Chlorella and Trentepholia showed global occurrence in similar habitats.
INTRODUCTION
Terrestrial algae have been reported -as biofilms on the exposed surfaces of solid substrata in almost all climatic zones Ortega-Calvo et al. 1993; Gaylarde and Gaylarde 2000; Darienko and Hoffmann 2003; Noguerol-Seoane and Rifón-Lastra 2003; Rindi and Guiry 2004; Crispim et al. 2004 Crispim et al. , 2006 Rindi et al. 2005; Uher et al. 2005; Peraza Zurita et al. 2005; Barberousse et al. 2006; Gaylarde et al. 2006; Rindi and López-Bautista 2007) . These organisms grow as epiphytes on tree bark, as epiliths on rocks and stones, and also on anthropogenic surfaces such as facades, concrete floors of roofs and other artificial surfaces of buildings where they cause aesthetically unacceptable discolouration of the structures (Tomaselli et al. 2000; Videla et al. 2000; Crispim et al. 2006; Barberousse et al. 2007) . Such growths are common in humid places on uneven surfaces such as holes, crevices and also on damp building walls due to leaking, roof guttering, inadequate drainage of flat areas or from adjacent water courses. The growth is rarely uniform, frequently forming streaks that follow areas of dampness. In general, in temperate regions such as Northern Europe and Korea, eukaryotic green micro-algae (Chlorophyta) are the frequently occurring terrestrial forms Darienko and Hoffmann 2003; Rindi and Guiry 2004; Klochkova and Kim 2005; Barberousse et al. 2006) , whereas cyanobacteria dominate the sub-aerial surfaces in warm temperate to tropical regions Crispim et al. 2003 Crispim et al. , 2004 . Colonization by communities of terrestrial cyanobacteria, green algae and other microorganisms are reported to accelerate weathering of their substrata (Kovácik 2000; Peraza Zurita et al. 2005) . Though the immediate consequence of such algal growth is disfigurement, the microbial biocoenoses, including fungi and bacteria, develop on the surfaces by utilizing organic molecules formed by primary production. Such communities act as biodeteriogens of concrete, mortar and stones by producing organic and inorganic acids (Gaylarde and Morton 1999; Brehm et al. 2005) . Though such problems are important in humid and tropical climates there has been little information on algal diversity and cyanobacteria colonizing building facades and archaeologically important monuments in facades and monuments. Substrata included limestone, sandstone, cement, concrete, brick, rock and lime washed building surfaces during monsoon, post monsoon and summer seasons. Sampling was carried out by gentle scraping with a sterile blade and needle, and the resulting material was stored in screw-cap specimen bottles. Each specimen was given a voucher number and stored in desiccated state at Utkal University, Bhubaneswar ( Table 1 ). The crusts were soaked with sterile distilled water for 12-24 h, and examined for the presence of algae. A pinch of crust material was transferred to BG -ll medium with or without combined nitrogen (Rippka et al. 1979) and to agar plates (1.1% w/v agar in the same medium) and incubated at 28 ± 1°C under continuous light for up to 15 days. Photomicrographs of the organisms appearing in the cultures were taken using a Meiji trinocular research microscope fitted with a Nikon Coolpix 4500 digital camera. The organisms were identified based on the following monographs: West and West (1905) , Tilden (1910) , Thompson (1959) , Desikachary (1959) , Philipose (1967) , Hindák (1977) , Komárek and Fott (1983) , Krishnamurthy (1998) , Ortega-Calvo et al. (1993) , Branco and Júnior (1996) , Aboal et al. (2003) , Mishra and Srivastava (2003) , Uher et al. (2005) , Rindi et al. (2005) , Barberousse et al. (2006) and Gaylarde et al. (2004 Gaylarde et al. ( , 2006 .
RESULTS
A total of 57 taxa of Cyanobacteria belonging to 23 genera and 15 taxa of Chlorophyta representing ten genera were recorded from the exteriors of buildings, tree trunks and exposed rock surfaces of monuments in different regions of India. A description of each of these organisms is presented. Voucher number, date of collection, place of collection and nature of the habitat of their occurrence is also given.
Chlorophyta
Class: Chlorophyceae Order: Chlorococcales Family: Chlorococcaceae Genus: Chlorococcum Meneghini 1. Chlorococcum infusionum (Schrank) Meneghini (Pl. 1, Fig. 1) [Synonym: Chlorococcum humicola (Nägeli) Rabenhorst 1868] (Basionym: Cystococcus humicola Nägeli) Komárek and Fott, 1983 , p. 36, fig. 3 ; Philipose, 1967, p. 72, pl. 74, fig. 3b . Cells spherical, light green in color, solitary or a number of cells crowded together to form a stratum; chloroplast with a hallow sphere with a lateral notch; cells 7-20 µm diameter. Fig. 6 ) Philipose, 1967, P. 253, fig. 164, fig. 7d . Colonies flat, 2-4-8 celled, arranged in a single linear series, cell oblong -ellipsoidal to ovoid with the ends broadly rounded, 2.6-3.5 µm broad, 6-11 µm long.
Occurred Reported from window shade, Varanasi, India (Tripathi, 1984 Reported from ceramics and white washing surfaces of cultural monument, Ukraine (Darienko and Hoffmann, 2003) ; Urban wall, Europe (Rindi and Guiry, 2004) ; building stone, Salamanca and Toledo, Spain (OrtegaCalvo et al., 1993 Krishnamurthy, 1998, p. 191, pl. 29, fig. 29f . Cells elongate -ellipsoidal, sub -cylindrical, 6-8 µm broad and 8-14 µm long.
Occurred Thompson and Wujek 1997] (Basionym: Chroolepus umbrinum Kützing) Krishnamurthy, 1998, p. 190; Gaylarde et al. 2006, p. 120 Fig. 16 ) West & West, 1905, p. 197, pl. 64 Fig. 17 ) Desikachary, 1959, p. 107, pl. 26, fig. 5 . Thallus gelatinous, thin, pale brownish; cells single, oblong to sub-spherical, 3.5-7.5 µm in diameter, sheath hyaline.
Occurred as blackish crust on cement wall surface, Sarat, Mayurbhanj, Orissa; Voucher no. 1263; Date of collection: 24/04/2007.
Reported from roof top, Varanasi, India (Tripathi, 1984 Fig. 20 ) Barberousse et al., 2006, p. 94 fig. 26 Fig. 24 ) Desikachary, 1959, p. 109, pl. 26, fig. 5 . Colonies with 2-8 or 16 cells when overlap; cells spherical or ellipsoidal, 4.2-6.0 µm diameter; sheath thick; with sheath 5-10 µm broad and without sheath 5-7 µm broad.
Occurred as brownish crust on cement wall, unit -3, Bhubaneswar, Orissa; Voucher no. 1307; Date of collection: 12/10/2007.
Reported from bedrock surface, Great Smoky Mountain, USA (Gomez et al., 2003) . Fig. 28 ) Aboal et al., 2003, p. 59, figs 3-8 . Cells spherical, yellowish-green to bluish green in colour enveloped by thick or firm granular sheath, sheath coloured, filaments 14.4-16.8 µm broad with sheath; cell 6.0-9.6 µm broad and 12.0-13.5 µm long.
Chroococcus schizodermaticus
Occurred as blackish crust on cement surface of boundary wall; Utkal University campus, Bhubaneswar, Orissa; Voucher no. 1283; Date of collection: 02/03/2007.
Reported from lime stone rock cave, South Eastern, Spain (Aboal et al., 2003) . Fig. 33 ) Desikachary, 1959, p. 119, pl. 23, fig. 4 . Cells densely aggregated in colonies up to 150 µm diameter, cells without sheath 3-4 µm diameter, bluegreen, sheath yellow to brown, lamellated.
Occurred as blackish crust on rock surface, Khandagiri cave, Bhubaneswar, Orissa; Voucher no. 1278; Date of collection: 17/04/2007.
Reported from building facades, France (Barberousse et al., 2006) ; wall building and temples, Varanasi, India (Tripathi 1984 Desikachary, 1959, p. 127, pl. 25, fig. 4 . Cells ellipsoidal to long cylindrical, 4.4-5.5 µm broad and 8.8-9.9 µm long, with envelope 9.0-13.2 µm broad and 14.3-18.0 µm long, blue-green; usually 2-4, sometimes 8 together in oval or sub -globose colony; colonies 22-24 µm broad and 35-41 µm long; envelope hyaline, distinctly lamellated.
Occurred on pinkish paint surface of building wall, Utkal University, Bhubaneswar, Orissa; Voucher no. 1279; Date of collection: 25/05/2007.
Reported from bed rock surface, Great Smoky Mountain, USA (Gomez et al. 2003) . Reported from bed rock surface, Great Smoky Mountain, USA (Gomez et al., 2003) . (Basionym: Oscillatoria autumnalis C. Agardh) Desikachary, 1959, p. 276, pl. 44, fig. 24 . Thallus expanded, dark blue green or brownish green, sometimes yellowish; filament straight, rarely flexuous, variously entangled; sheath firm; trichomes not constricted at the cross wall, 4.8-5.0 µm broad, ends attenuated, straight or scarcely curved, prominently capitate; cell 5-6 µm long; end cell with a rounded or truncated conical calyptra.
Genus
Occurred as blackish green on cement surface of building wall, Baramunda, Bhubaneswar, Orissa; Voucher no. 1308; Date of collection: 02/06/2007.
Reported from building wall, Nosa Señora da Esclavitude, Galicia, Spain (Noguerol-Seoane and Rifón-Lastra, 2003); wetted wall Lal Palma (Hrouzek and Soun, 2004) ; brick and whitewashing surface of cultural monuments, Ukraine (Darienko and Hoffmann, 2003) ; Urban wall, Europe (Rindi and Guiry, 2004) ; moist wall, Varanasi, India (Tripathi, 1984) ; building stone, Salamanca and Toledo, Spain (Ortega-Calvo, 1993 Reported from building facades, France (Barberousse et al., 2006) ; bedrock surface, Great Smoky Mountain, USA (Gomez et al., 2003 Reported from limestone cultural monuments, Ukraine (Darienko and Hoffmann, 2003) ; bedrock surface, Great Smoky Mountain, USA (Gomez et al., 2003) . Desikachary, 1959, p. 374, pl. 69, fig. 1 . Colonies spherical, olive or dark blue green, finally becoming brownish; filament short, united to form a globose mass, coiled, densely entangled; sheath distinct, colourless or rarely yellowish; cell small, spherical to sub-spherical, 4 µm diameter.
Nostoc microscopicum
Occurred on brownish patch on building roof surface, Village -Maniakati, Ganjam, Orissa: Voucher no. 1304; Date of collection: 14/10/2007.
Reported from building wall, Nosa Señora da Esclavitude, Galicia, Spain (Noguerol-Seoane and Rifón -Lastra, 2003); whitewashing surfaces of cultural monument, Ukraine (Darienko and Hoffmann 2003) .
Family: Scytonemataceae Genus: Scytonema Agardh ex Bornet and Flahault 60. Scytonema bohneri Schmidle (Pl. 4, Figs 66-67) Desikachary, 1959, p. 457, pl. 87, fig. 1 . Thallus dark blue green; filament long, partly creeping, false branched, 10-13 µm broad, narrow at the apex, 6-7 µm broad; sheath colourless and thick; trichome blue green, not constricted at the cross walls; cell rectangular 5-8 µm broad; heterocyst intercalary, ellipsoidal to cylindrical, colourless or yellowish, 8-10 µm broad, 6-12 µm long.
Occurred as brownish crust on painted wall of building, Rajmahal square, Unit-III, Bhubaneswar, Orissa; Voucher no. (Basionym: Lyngbya cincinnata Kützing) Desikachary, 1959, p. 453, pl. 93, fig. 1 . Thallus brownish green, olivaceous; filaments long, variously bent or curved, false branched; sheath firm, hyaline, brownish; trichome 14-20 µm broad, 13-14 µm long.
Occurred as greenish crust on Maplong Dam, Shillong, Meghalaya; Voucher no. 1248; Date of collection: 10/12/2007. 62. Scytomema geitleri Bharadwaja (Pl. 4, Fig. 69 ) Desikachary, 1959, p. 481, pl. 94, fig. 5 . Thallus brownish or dark green; filament irregularly curved; sheath firm; trichome 4.0-5.5 µm broad, slightly constricted at the joints; cell cylindrical, sometimes rounded or barrel-shaped at the short branches; heterocyst cylindrical or rectangular, 5-7 µm broad, 6-7 µm long.
Occurred as blackish crust on building wall, Utkal University campus, Bhubaneswar, Orissa; Voucher no. 1298; Date of collection: 16/08/2007.
Reported from wall and roof top, Varanasi, India (Tripathi, 1984) . Fig. 72 ) Desikachary, 1959, p. 475, pl. 92, fig. 4 . Thallus blue-green; filaments long, 10-14 µm broad, 1.5-2.5 µm long, false branching, sheath thick, slightly gelatinous; cell at the apex slightly barrel shaped; heterocyst oblong, yellowish, 14 µm broad. Desikachary, 1959, p. 467, pl. 92, fig. 3 . Thallus expanded, grayish blue; filaments 10.0-16.5 µm broad, erect, false branched, less constricted at the cross walls; sheath firm; trichome 6 -14 µm broad; apical cell rounded; heterocyst sub-quadrate or cylindrical to discoid, yellowish, 12.0 -13.2 µm broad, 9.9 -12.0 µm long. Fig.  74 ) Desikachary, 1959, p. 472, pl. 89, fig. 2 . Thallus erect, brownish green; filaments irregularly curved and densely entangled, 16 µm broad, false branching numerous, narrower than the main filament; heterocyst yellowish, prominent, quadratic, 13 µm broad, 7-13 µm long. Desikachary, 1959, p. 500, pl. 103, fig. 1 . Thallus dark blue green; filament straight, forming a thin thallus; sheath thin, colourless; trichome not constricted at the cross wall; cell 5-7 µm broad; heterocyst spherical or ellipsoidal.
Scytonema hofman-bangii
Occurred as blackish crust on building wall, Utkal University campus, Bhubaneswar, Orissa; Voucher no. 1299; Date of collection: 16/08/2007.
Reported from building terraces and walls, Varanasi, India (Tripathi 1984) .
Family: Rivulariaceae Genus: Calothrix Agardh ex Bornet and Flahault 69. Calothrix fusca (Kützing) Bornet and Flahault (Pl. 4, Fig. 76 ) Desikachary, 1959, p. 527, pl. 107, fig. 10 . Thallus gelatinous; filament single, unbranched, straight or slightly bent, 11-12 µm broad; sheath broad, colourless; cell often discoid, shorter than broad; heterocyst basal or hemispherical, yellowish.
Occurred as blackish crust on roof floor of building; Utkal University campus, Bhubaneswar, Orissa; Voucher no. 1318; Date of collection: 14/10/2007. Hieronimus and Schmidle (Pl. 4,  Fig. 78 ) Desikachary, 1959, p. 526, pl. 110, figs 1-7 . Filament branched, caespitose, 10-15 µm broad; sheath thick, colourless, gelatinous; trichome 6-8 µm broad; cells at the base of filament about 8-10 µm broad, barrel shaped; heterocyst basal, mostly two; spores cylindrical with rounded ends, separated from each other by heterocyst.
Calothrix wembaerensis
Occurred as blackish crust on fort wall (on mortar paste), Nahargarh, Jaipur, Rajasthan; Voucher no. 1314; Date of collection: 25/10/2007.
Family: Hapalosiphonaceae Genus: Westiellopsis Janet 71. Westiellopsis prolifica Janet (Pl. 4, Fig. 77 ) Desikachary, 1959, p. 596, pl. 131, figs 1-12. Thallus blue green; filament with prostrate and erect branches, lateral branch thinner than main branch, 6-7 µm broad, 9-12 µm long; cell spherical or elliptical 5-6 µm diameter; heterocyst intercalary, light yellow, rectangular, 4-6 µm broad, 8-10 µm long.
Occurred as greenish patch on lime washed building wall, Saheed nagar, Bhubaneswar, Orissa; Voucher no. Desikachary, 1959, p. 475, pl. 92, fig. 4 . Thallus greenish, spongy, branched, 20-28 µm broad; trichome long, primary branch 2-3 celled only at few portion of the thallus; cell spherical, elongated, 4-5 µm broad, 5-9 µm long, secondary branch single celled; heterocyst on both primary and secondary branches, 6-10 µm broad, 10-14 µm long.
Occurred as dark greenish crust on wetted rocky wall, Parasurameswar temple, Bhubaneswar, Orissa; Voucher no. 1287; Date of collection: 17/08/2007.
DISCUSSION
The micro-algae and cyanobacteria recorded from the exterior of several buildings and monuments in India during the hot summer months (March -June) and soon after monsoon rain (July -August) have been given in Table 2 . Analysis of these results showed that only one species of Trentepholia, T. abietina var. tenue under chlorophyta and four species of cyanobacteria e.g. Chroococcidiopsis kashayi, Pseudophormidium indicum, Plectonema puteale and Scytonema geitleri occur on the Chlorococcum infusionum + -2.
Bracteacoccus minor -+ 3.
Radiococcus nimbatus -+ 4.
Coenochloris pyrenoidosa -+ 5.
Gloeocystis polydermatica + -6.
Chlorella vulgaris -+ 7.
Scenedesmus arcuatus + -8.
Scenedesmus bijugatus -+ 9.
Trentepohlia aurea + -10.
Trentepohlia abietina var. tenue + + 11.
Trentepohlia rigidula -+ 12.
Trentepohlia umbrina -+ 13.
Printzina effusa + -14.
Cosmarium misellum -+ 15.
Cosmarium nitidulum -+ Cyanophyta (Cyanobacteria) 16.
Chroococcus indicus + -17.
Chroococcus limneticus + -18.
Chroococcus lithophilus -+ 19.
Chroococcus minor + -20.
Chroococcus pallidus -+ 21.
Chroococcus schizodermaticus + -22.
Chroococcus varius + -23.
Asterocapsa divina + -24.
Cyanosarcina burmensis -+ 25.
Cyanosarcina parthenonensis + -26.
Cyanosarcina spectabilis + -27.
Gloeocapsopsis crepidium -+ 28.
Chroococcidiopsis kashayi + + 29.
Chroococcopsis fluviatilis -+ 30.
Gloecapsa atrata + -31.
Gloeocapsa kuetzingigiana + -32.
Gloeocapsa livida + -33.
Gloeocapsa muralis + -34.
Gloeocapsa punctata + -35.
Gloeocapsa rupestris + -36.
Gloeocapsa sanguinea + -37.
Gloeothece rhodochlamys + -38.
Gloeothece rupestris + -39.
Aphanothece pallida -+ 40.
Aphanothece stagnina -+ 41.
Cyanothece aeruginosa -+ 42.
Phormidium aerugineo-coerulum -+ 43.
Phormidium autumnale -+ 44.
Phormidium retzii + + 45.
Pseudophormidium indicum -+ 46.
Pseudophormidium radiosum -+ 47.
Porphyrosiphon ceylanicus + + 48.
Microcoleus paludosus -+ 49.
Leptolyngbya boryana -+ 50.
Leptolyngbya fragilis -+ 51.
Leptolyngbya nostocorum -+ exterior of building walls all through the year. On the contrary, on the exposed rock surface of temples and monuments, where the temperature can exceed 60°C during summer months, only three cyanobacteria species e.g. Porphyrosiphon ceylanicus, Scytonema ocellatum and S. pseudoguyanense occur. These species form a characteristic blackish-brown crust, and develop into a thick mat up to 3 to 4 mm thick upon receiving water during the rainy season. In addition to the above species, five other green algal species (Chlorococcum infusionum, Scenedesmus arcuatus, Trentepholia aurea, Gloeocystis polydermatica and Printzina effuse) and 18 other cyanobacterial taxa in the genera Chroococcus (5), Asterocapsa (1), Cyanosarcina (2), Gloeocapsa (7), Gloeothece (2), and Scytonema (1) occur in the biofilms during summer months showing their ability to thrive under conditions of high desiccation and heat stress prevailing on the buildings facades and exterior of rocks of monuments (Table 2 ). However, with the onset of monsoon rains when these biofilms receive water along with a humid microenvironment, 10 green algal taxa belonging to eight genera, e.g. Chlorella (1), Brateacoccus (1), Radiococcus (1), Coenochloris (1), Gloeocystis (1), Scenedesmus (1), Trentepholia (2), cosmarium (2), and 29 cyanobacteria taxa in 17 genera, e.g. principally green algae with cyanobacterial forms bring sparce. On the exteriors of the cathedral and buildings of Spain the cyanobacteria and green algae were almost equal in number, and both the groups of algae were dominant in the sub-aerial habitats of warm temperate locality. In addition, though the green algal genera Klebsormidium, Stichococcus and Trebouxia were dominant in the temperate regions, these did not occur on the exteriors of buildings of tropical countries. However, species of Gloeocapsa, Chroococcus, Chroococcidiopsis, Phormidium, Leptolyngbya, Nostoc, Scytonema, Chlorella and Trentepholia occurring in the sub-aerial habitats of temperate locations also colonize similar habitats in India and other tropical countries have a global occurrence. These findings are consistent with the few previous studies, in which green algae were shown to be dominant in temperate regions, whereas cyanobacteria dominant in the tropics, especially the forms with well developed sheaths and /or mucilage in their outer envelope. These differenences are based on the requirement for humidity and moderate light intensity on the part of green algae, and the capability to withstand high temperature, desiccation and protecting themselves from intense solar insolence on the part of cyanobacteria. 
